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FOREWARD 


The Rotating Target Neutron Source-II (RTNS-II), currently nearing comple- 
tion at Lawrence Livermore Laboratory, will be the world's most intense 
source of 14 MeV neutrons. Sponsored by the Office of Fusion Energy of the 
Department of Energy, this facility is dedicated to the research, develop- 
ment, and testing of materials for use in fusion reactors. It will be the 
only such facility until the still more intense Fusion Materials Irradiation 
Test Facility (FMIT) is completed in 1983. 

To aid in making effective use of the RTNS-II, the Hanford Engineering 
Development Laboratory was requested to develop a plan for its utilization. 
This has been done within the framework of recently completed Program Plans 
which cover four research areas: Alloy Development for Irradiation Perfor- 
mance (ADIP), Damage Analysis for Fundamental Studies (DAFS), Plasma- 
Materials Interaction (PMI), and Special Purpose Materials (SPM). Because 
the RTNS-il is limited to low-to-medium fluences and has a small test vol- 
LBiie, its greatest application is, at least initially, in the DAFS area. 

Hence this Plan has much the character of a supplement to the DAFS Program 
Plan. 

This Plan is written in general terms with the emphasis on goals. The de- 
tails of implementation are left to the individual laboratory programs with 
coordination by the Task Groups. In this connection, an Experimenters Guide 
has been prepared by the Lawrence Livermore Laboratory. 

This plan was prepared at HEDL by R. W. Powell with the support of D. G. 
Doran, J. J. Holmes and H. H. Yoshikawa. The Materials and Radiation 



Effects Branch of the Office of FusicHi Energy gratefully acknowledges their 
efforts, and tte cooperation of many individuals at other laboratories, in 
preparing this Plan. 


Ki-Cuoo H* 



Klaus M. Zwilsky, Chief 
Materials and Radiation 
Effects Branch 
Office of Fusion Energy 



CONTENTS 


Page 


FOREWARD iii 

I. SUMMARY 1 

II. INTRODUCTION 3 

III. STRATEGY ^ 

A. Introduction ^ 

B. Irradiatiai Environment Characterization 7 

C. Damage Production 10 

D. Damage Micro structure Evolution 18 

E. Fundamental Mechcmical Behavior 23 

F. Damage in Superconducting Magnet Components 27 

G. Surface Effects 28 

IV. ASSIGNMENT OF PRIORITIES FOR RTNS-II EXPERIMENTS 29 

V. TASK DEFINITION 33 

VI. PROGRAM IMPLEMENTATION 47 

APPENDIX 1 52 

APPENDIX 2 56 


V 




I. SUfW^Y 


The Rotating Target Neutron Source-II (RTNS-II), currently under con- 
structicxi at Lawrence Livermore Laboratory (LLL), is expected to be operating 
at full power by March 1979. Built by the Office of Fusion Energy (OFE) for 
the study of radiation effects in materials, it will be the highest flux 
source of D-T (14 MeV) neutrons in the world. Some characteristics of the 
facility are given in Appendix I. 

This plan describes a general program fcr the effective utilization of 
this resource by the fusion materials community. Because its flux is low 
relative to levels expected in commercial fusion reactors, the RTNS-II is not 
expected to produce data of direct engineering significance (with some excep- 
tions). Rather, it will be used chiefly to aid in the development of models 
of high energy neutron effects. Such models are needed in projecting engi- 
neering data obtained in high flux fission reactors to the fusion environ- 
ment. Fission reactors, because of their relatively soft neutron spectra, 
cannot produce the high ratio of transmutations to displacements (except in 
an important special case) or the high energy recoil atoms appropriate to 
fusion reactors utilizing the D-T reactiai. 

The Office of Fusion Energy has established four Task Groups to coordi- 
nate the development of fusion materials. Each Task Group has prepared a 
Program Plan. Only that of the Task Group on Damage Analysis and Fundamental 
Studies (DAFS) includes a significant role for lew flux high energy neutron 
sources such as RTNS-II. Therefore this Plan for RTNS-II has been prepared 
within the framework of the DAFS Program Plan. In particular, the research 
areas in both plans are environmental characterization, damage production, 
and microstructure evolution and mechanical behavior. 

This plan was prepared with the assistance of many people. It was 
preceded by a survey in which potential users of the facility were asked to 
describe briefly tte experiments they would like to do. Their responses are 
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swimarized in Appaidix II. These responses, along with the DAFS Program 
Plan, provided tte context within which this plan was written. 

The Strategy secticxi of the plan includes a brief description of the 
status of hi^ energy neutrcm experiments. Most of these have been of an 
exploratory nature with a minimtmi of analysis. (A strong segment was con- 
cerned with neutral sfwttering, but this problem is now assigned a low prior- 
ity). The perfcrmsaice of systematic experiments to test and calibrate damage 
prodtictiai models is the initial thrust of the plan. It is suggested that 
significant experiments may also be possible on the effects of helium and 
hydrogen production, but this must be demonstrated because maximum attainable 
concentratiOTS are only a few appm. Similarly, experiments on the evolution 
of the damage raicrostructure and on changes in mechanical behavior will 
require maximum possible fluences. Such experiments may start with simple 
materials, which are generally more radiation sensitive than engineering 
materials, but m»iy effects of interest will require the use of more complex 
materials. 

Pricrities have been assigned; the highest are reserved for primary 
damage state measuranents; effects of helium and primary recoil spectrimi on 
raicrostructure md mechanical behavior; and RTNS-II environmental character- 
ization, including measurements of heliim production rates. 

Twelve task descriptions, each containing several subtasks, are given 
far the period 1979-1983. They are, in effect, expansions of task descrip- 
tions in the DAFS Program Plan, and the relationships between the two plans 
are showi explicitly. 
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II . INTRODUCTION 


The purpose of this plan is to formulate a general program for the 
effective utilization of the RTNS-II by the fusion materials community. 
Because of its relatively low flux, the RTNS-II is precluded, with few excep 
tions, from producing data of direct engineering significance. It follows 
that RTNS-II utilizatim must be discussed within the context of tte overall 
strategy for producing technological data; hence, the scope of this plan 
extends beyond the use of RTNS-II. 

A comprehensive program has been extablished by the Materials and Radi a 
tion Effects Branch of the OFE to assess materials problems in Magnetic Fu- 
sion Reactors (MFRs) and to develop new materials and new applications of 
existing materials as needed. To coordinate tte progrcwi, four task groups 
have been organized: 

1) Alloy Development fcr Irradiation Performance (ADIP), 

2) Damage Analysis and Fundamental Studies (DAFS), 

3) Plasma-Materials Interactions (PMI), and 

4) Special Purpose Materials (SPM). 

The ADIP Task Group is concerned with development of improved materials for 
first wall application; DAFS is concerned with the interpretation of 
radiatiwi effects data obtained in various test facilities and projecting 
them to MFR environments; PMI is concerned with the interaction of the first 
wall with the plasma, hence surface effects; and SPM covers all materials 
other than the first wall. Each task group has prepared a general program 
plan. Only the DPJFS plan includes a significant role for low flux, high 
energy neutron fields; hence, this RTNS-II utilization plan was prepared 
within the framework of an cxigoing DAFS program. 
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Much of the current effort in the fusion materials program is centered 
on the first wall, where the environment will be the most severe and the 
most atypical of current experience. Prime threats to its mechanical 
integrity are tte high energy (14 MeV) neutrons from the D-T reaction and 
possible cyclic loading at elevated temperatures. The higher neutron ener- 
gies in tte fusion environment will produce more energetic displaced atoms 
and a greater abundance of nuclear reactions that produce helium, hydrogen 
and otha- transmutation products than is the case in fission reactor irradi- 
atiwss. 

No test facilities provide high fluxes of high energy neutrons in the 
large experimental volimes needed for alloy development research. Only fis- 
sion reactors have the large test volumes required to produce engineering 
data. The DAFS Task Group is to provide guidance in designing and inter- 
preting fission reactor irradiatiws and in projecting the results to MFRs. 

Hi^ ena'gy neutron facilities provide the necessary link between the 
two neutron Irradiatiw environments. The characteristics of these facili- 
ties are listed in Table 1; they differ in neutron flux, neutron energy 
spectrum, expa'imental volume, and availability. The combination of these 
fKtors dictates the best utilization of each facility. 

The highest flux ctevice available in tte near future is the RTNS-II. 

It is also the only available device that was designed to operate as a 
materials irradiation facility on a continuous basis. Hence higher fluences 
cai be obtained in RTNS-II than in other facilities. Even so, the maximum 
exposure likely to be achieved in this ctevice is about three orders of magni- 
tude below tte goal e)qjosure of the alloy development program. Thus, it 
should be expected that the RTNS-II and cyclotron sources will be used 
chiefly as tools to understarte and moctel the nature of high energy neutron 
damage. 
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Table 1 


High Energy neutron Facilities 


Facility Name 


Corresponding Weekly Dis- 
Neutron Approx Peak Displacement placements 

Reactioi Flux(n/cm2-s) Rate in AISI in AISI 316 
316 (dpa/s) (dpa) Availability 


Dedicated Materials Facilities 


Rotating Target Neutron 
Source - II (R7NS-II) 

T(d,n) 

1x10^3 

3x10-8 

0.008(a) 

1979 

Fusicm Materials Irradi- 
ation Test Facility (FMIT) 

Li (d,n) 

1x10^5 

2x10-6 

1.0(b) 

1983 

Multipurpose Facilities 






Rotating Target Neutron 
Source- I (RTNS-I) 

T(d,n) 

2x10^2 

6x10-9 

0.002(a) 

(d) 

University of California- 
Davis Cyclotron (variable 
energy) 

Be(d,n) 

5x1012 

1x10-8 

0.007(c) 

Currently 

Oak Ridge Isochronous 
Cyclotron (ORIC) (variable 
energy) 

Be(d,n) 

2x1012 

4x10-9 

0.003(c) 

(d) 

(a) Assunes operation for 

80 hours 

per week. 




(b) Assumes operation for 

24 hours 

per day, 7 

days per week with 

an 80% 



plant factor. 


(c) Assisnes operation at 35 MeV for 24 hours per day, 7 days per week. 
Much Iwger irradiations than one week are not practical, so this 
v^ekly fluence is near the maximum attainable. 

(d) No lOTgor available for materials studies 
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The lew daisage rates In RINS-II and cyclotron sources relative to that 
expected In a fusiem reactor means that possible rate effects must be con- 
sidered in applying data obtained in these facilities to the fusion environ- 
ment. 


None of ti^ facilities accurately mimics a first wall spectrum. The 
utility of the RTNS-II facility is enhanced for some purposes, in fact, by 
the nearly mcmo-energetic character of its spectrum. 

The FMIT facility is a mKliun-to-high flux device planned for operation 
in 1983. The broad r^utron aiergy spectrum produced by the Li(d,n) stripp- 
ing reaction asployed in this device is peaked near 14 MeV for 35 MeV 
deuterons; a very Iw intensity tail extends beyond 40 MeV. Although MFRs 
will not have neutron ene'gies above 15 MeV, the ratio of helium to dis- 
placement producticOT in the L1{d,n) energy spectrum is expected to be close 
to that of am MR first wall spectrim. Tte primary recoil spectrum has a 
IcM intensity high energy tail, but otherwise is more similar to that 
expected in an MR first wall than the primary recoil spectrum produced by 
14 MeV neutrons. 

The other facilities available fw high energy neutron studies univer- 
sally employ tte Be(d,n) reaction to produce neutrons, e.g., the UC-Davis 
device which provictes a flux soraa^hat lower than the RTNS-II. The spectrum 
is simil®' to that from the Li{d,n) reaction. Careful experiments utilizing 
a Be(d,n) source »d the RTNS-II will elucidate the effect of neutrons with 
energies greata* than 14 MeV. 

It has been pointed out that lew flux, high energy facilities are use- 
ful prim®"ily for fundamental studies. Nevertheless, same MFR components 
may be siijected to such Iw fluences of high energy neutrons that goal 
e;g>osures may be achieve! in RTNS-II. Examples of such materials are super- 
conducting magnets and irganic insulators. 
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III. STRATEGY 


A. Introduction 


The overriding damage analysis objective is the development and 
validation of correlation procedures for projecting fission reactor 
data to fusion aivironmaits. Most of the problems discussed here arise 
in attaining that objective. For convenience of reference, the organi- 

ni 

zation of this section parallels that of the OAFS Program Plan.'' ’ A 
summary of the strategy is depicted in Figure 1. 

In addition, however, several engineering questions that can be 
directly attacked with low flux sources are also described. 

B. Irradiation Envirorment Characterization 


1. Description of the RTNS-II Flux/Fluence/Spectrum 

RTNS-II will be utilized for quantitative studies of irradia- 
tion effects; hence an accurate descripticxi of the irradiation environ- 
ment is essential far the applicatioi of these studies to model devel- 
opment and fcr correlation with other data. 

Dosimetry for RTNS-I was adequate. Fluence uncertainties of 
5-10% were obtained by measuring the rate of the Nb(n,2n) reaction; 
corrections for source variations were cteduced from an on-line proton 
recoil spectrometer. Application of these techniques to the very 
similar RTNS-II will require some adaptation and demonstration. Map- 
ping experiments at RTNS-I^^^ and calculations for RTNS-II^^^ have 
shown that positional dosimetry is essential, i.e., in-situ dosimetry 
must be sufficient to define corrections for misalignment of specimen 
and source. 
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Experiment 

Theory 


' iicinciiet^L < ialcs ,. I 

4 

I ^ ; 

I Develop models of damage ‘ 



Perforin comparative Iw fluence fission reactor irradiations 


Supporting Develop and assess techniques for dosimetry and for defect 
Activities — detection 


Characterize irradiation environemnts: 
Li(d,n) 


RTNS-II, Be(d,n), 


FIOTE 1. Relatiwiship of High Energy Neutron Experiments to DAFS Program 
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2. Development of Improved Dosimetry Techniques 


L{jig-term irradiations require long-lived or stable product 
monitors to determine the fluence accurately. The helium accumulation 
technique and the radianetric method utilizing long-lived products 
should be pursued (Nb monitors have a ten-day half-life). The nearly 
mono-energetic nature of RTNS-II makes it ideal as a reference field for 
the validation and calibration of cross sections used in passive and 
active dosimetry. The main goal is more precise dosimetry for long 
RTNS-II irradiations although the results will also apply to Be(d,n) and 
Li(d,n) facilities. 

The rapid spatial variation in neutron flux at RTNS-II (and 
other high energy neutrm facilities) requires dosimeters capable of 
high spatial resolution. Currently used passive monitors are adequate 
but new techniques should be explored in an effort to maximize the 
information gained and minimize the cost. 

3. Accurate Determination of Helium and Hydrogen Generation Rates 

Helium is expected to play a major role in the behavior of 
first wall materials; hence accurate predictions and determinations of 
helium generation rates in various materials are necessary. To aid in 
this, it is important that the determination of the energy dependence of 
total helium production cross secti(xis be vigorously pursued. 

The problem of heliimi generatiwi rates is not restricted to 
bulk rates fcr candidate alloys. It is important to know helium genera- 
tion cross sections for certain elements that may segregate to various 
internal sinks, so that local helium generation rates can be deter- 
mined. An example is carbon which has a large heliimi production cross 
section for 14 MeV neutrons^^^ and also segregates to grain bound- 
aries. 
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8as mass spectrometry has been used to determine helium con- 
centratiOTs at levels belw 1 appb in very small specimens. Thus, 
direct deterai nations C£« be matte for RTNS-II irradiations where helium 
concentrations oi the order of a few hundred appb per week will be 
produced in AISI 316. Hydrogen effects on irradiated material behavior 
have re)t yet been assessed. Planned scoping experiments may indicate 
the need far hydrogen generation measurements for various elements in 
RTNS-II and Be{d,n) fields. Particle recoil and radiometric techniques 
(when a suitable reaction product exists) should be applied. 

Assessment of Flux/Fluence/Spectrum Characteristics of 

Be(d,n) and Li(d,n) Facilities 

There is ctwisiderable interest at this time in using Be(d,n) 
fields to complement radiaticsi effects studies made at RTNS-II by 
providing a diffw'ent high energy neutron spectrum. There is also 
interest in using such fields for pre-FMIT studies, particularly the 
development of passive, active, and calculational dosimetry tech- 
niques.^ The latter application may soon predominate, unless 
uTOxpected differences surface between effects seen with 14 MeV 
neutrons and 8e{d,n) neutrons. 

Characterization of these fields and dosimetry development 
stould be coordinated with the corresponding activities at RTNS-II. 


C. Damage Production 
1. Introduction 


Almost every neutron interaction produces a cascade of dis- 
placed a-tom. At damage rates expected in MFRs, intra-cascade 
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defect interactions called "short-term annealing" occur on a time scale 
that is short ccwipared to inter-cascade interactions. The primary 
damage state is the defect configuraticm which exists following short- 
term annealing of the cascade; it consists of defect clusters and the 
"free defects" which avoid clustering and annihilation and thus escape 
from the vicinity of the cascade. The nature of the defect clusters 
(including type, configuratiai, size and concentration) and the nimiber 
and type of free defects are the critical parameters of interest. 

Damage production studies involve the characterizatioi of this primary 
damage state. 

The primary damage state, as ctefined, is a function of 
irradiation temperature. There are generally considered to be four 
broad temperature regimes, characterized by 1) no thermal diffusion of 
defects, 2) diffusicHi of self-interstitials but not vacancies, 3) 
diffusion of both types of defects, and 4) self -diffusion or vacancy 
cluster dissolution. Typical temperatures corresponding to these four 
regimes are, fw metals, liquid helium (4 K), room temperature, one- 
third the absolute melting point and one-half the absolute melting 
point. 


The mean cascade energy in a stainless steel first wall for 
current MFR designs is about 50 keV, compared with 10-20 keV in fission 
reactors. The accurate determination of the contribution of higher 
energy cascades to the primary damage state, including interactions 
with He, is an important first step in determining the effect of high 
ene-gy neutrons on microstructure and properties. Models of displace- 
ment damage production are being developed. Experimental data 
are require! fcr their accurate development, fcr calibration of para- 
meters, and for the validation of the models under new experimaital 
conditi ons. 
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2. Experimental Determination of the Primary Damage State 


Most hi^ energy neutrw studies performed to date have been 
of exploratory or scoping nature, with generally minor attempts made 
to interpret results using available defect production models. The 
only correlation parameter examined seriously is the damage energy, 
calculated universally from the Lindhard energy partition model. (The 
damage energy is tte fractiwi of deposited energy not dissipated in 
electron excitation, hence available to displace atoms). The total 
number of displacements, assimed to be proportional to the damage 
energy, has also been used in estimating the "defect production effi- 
ciency" per neutron. 

ScKie studies were conducted at RTNS-I at cryogenic tempera- 
tures and the results coupared with fission reactor irradiation. The 
initial damage rate, as indicated by changes in electrical resistivity 
was found to scale with tte dMage energy ratio for the two irradiation 
environmatts.^^^’^^^ One of the investigations found that the 14 MeV 
neutrons were a factor of 2-3 less effective in producing defects than 
would be predicted by converting damage energy to displacements using a 
modified Kinchin-Pease model. An isochronal annealing study^^^^ 
of the resistivity recovery follwing lew temperature neutron irradiation 
indicated that tte ctefect retention in heavier elements (Pt compared to 
Cu) is greats' fer hi^ energy neutrons relative to fission neutrons than 
the damage energy ratio would predict. Other low temperature irradia- 
tions with fissioi and high energy neutrons have shown that various 
superconductor properties do not scale with the damage energy. ^5) 


Host RTNS-I irradiations were performed at room temperature. 
Although there is some conflicting evidence, TEM investigations of inter- 
mediate atomic wei^t elements Indicate that the nature of the radiation 
damage in fission aid 14 MeV neutron spectra is qualitatively similar. 

For example, the number of defects retained in detectable clusters at low 
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fluence scales with the damage energy for Cu and The same 

scaling does not hold for Au, however. Damage energy scaling has 
been found to be inaccurate fw other properties including tensile yield 
strength of some pure metals/ * ' lattice parameter increase/ ^ 

and aihanced diffusion. 

A few investigations have been performed at elevated tempera- 
tures but, since microstructural evolution becomes increasingly impor- 
tant at these temperatures, the results will be discussed in the Micro- 
structure Evolution Section. 

In addition to RTNS-I irradiations, a few experiments have been 

carried out in Be{d,n) spectra. Damage energy scaling between these two 

environments has been found to be adequate. Differences in the apparent 

primary damage state produced by 14 MeV and broad spectrimi Be(40 MeV d,n) 

neutrons were observed in one comparative investigation at room tempera- 
(191 

ture.' ' The former produced subcascade formation (defined in that 
work as two tyr more vacancy clusters within 10 nm of one another) in Cu 
but the latter did not. 

Material variables, especially atomic weight and impurity 
content are important in studies of the primary damage state. A signifi- 
cant difference has been observed in the apparent primary damage state 
produced in a pure metal cwnpared to an alloy. ' ' Only 0.1% of the 

calculated numba" of defects generated during a room temperature, 14 MeV 
neutron irradiation of pure 316 stainless steel (Fe-Ni-Cr-Mo) were 
retained. A con^arable irradiation of Cu yielded a defect retention of 
about 6%. The reason for this difference has not yet been determined. 

It should be emphasized that postirradiation examinations of 
specimens irradiated at elevated temperatures (raid-temperature and above) 
do not yield the primary damage state. For example, in various experi- 
ments a significant fraction of the observed clusters were identified as 
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interstitial in character. Although such clusters may be 
formed within a single cascade, they are more likely indicative of 
microstructural evolution through defect diffusion. Furthermore, the 
raajcrity of afferent subcascades (multiple clusters) actually comprise 
both vacancy md interstitial clusters, indicating the 
idfiortance of defect diffusioi oi the interpretation of cascade size. 

In summary, damage production studies with high energy neutrons 
have cteacMistrated differences from fission reactor neutron irradiations. 
The damage, as measured by various techniques, is greater for the high 
ena*gy case. In some instances the difference can be accounted for by a 
convenient correlation parameter, the damage energy. In other instances, 
the dMage ena'gy under-predicts the observed difference. Scoping 
expa-iments have shown differences between pure metals and alloys (at 
room ta^erature). In few cases have detailed comparisons between 
expa-iraent and tteoretical models been made. Correlations at low 
tenperatures are most directly related to damage production models, but 
are not directly applicable to the elevated temperature conditions of 
interest. Elevated temperature irradiations aimed at damage production, 
on the other hand, must take account of microstructural evolution to 
avoid erroneous characterization of the primary damage state. 

Experiments at RTSN-II should be conducted in all four tem- 
perature regimes described above. In the low temperature regime, the 
primary damage state (at that temperature) is determined in the absence 
of raicrostructure evolution. Such experiments must be used to cali- 
brate cascade models, since the low temperature primary damage state 
cannot be directly extrapolated to the high temperatures of interest. 
Various techniques should be utilized. Electrical resistivity measure- 
ment coupled with annealing studies, applied to specific classes of 
materials, provides confirmation of total defect production, free defect 
production, and ctefect trapping (potentially yielding cluster 
information). Fluences extending beyond past studies should be employed 
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to observe resistivity increase saturation and obtain information on 
cluster size. The study of superconductor materials adds the cluster 
detection techniques associated with superconductor properties. 

Mid- temperature studies should continue to be important, 
partly because of the greater availability of detection techniques for 
near room temperature studies. The most valuable technique will con- 
tinue to be transmissicHi electron microscopy (TEM) since more cluster 
information (concentration, distribution, size, shape and type) is 
obtained than with any other detection technique. Mid- temperature 
studies require that the type of cluster be determined since cluster 
type has important implicaticxis on the primary damage state descrip- 
tion. Other techniques need to be employed to provide information on 
clusters smaller than tte TEM resolution limit and on individual 
defects. X-ray diffuse scattering, in the former category, has the 
advantage of being more rapid than TEM and of integrating over a bulk 
specimen. Selected field icHi microscopy (FIM) studies should be per- 
formed to provide cluster data on an atomic scale. Tensile property 
studies should be performed but the relationship between yield strength 
increase and cluster characteristics must be determined in order for 
these studies to yield primary damage information. Resistivity 
(including annealing) and radiation enhanced diffusion studies should 
be employed to assess tte individual defects. 

Increasing emphasis should be placed on elevated temperature 
damage product ! cmi irradiations because of the importance of determining 
the primary damage state at temperatures of interest to MFR operation. 
This is emphasized by tte influence of the primary damage state, espe- 
cially cascade cluster ti^e and shape, on microstructure evolution. 

The difficulty of separating the primary damage state from microstruc- 
ture evoluticwi necessitates the use of new experimaital techniques and 
will be discussed in the next section. 
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Stjd!es of the prinary damage state in pure metals should 
ccntinu'e and be extended to simple and complex alloys. The differences 
in tne prima'y damage state between pure metals and alloys must be 
determined to aid In model development. 

While a prim$-y objective is the characterization of damage 
production by 14 MeV neutrons, ai important secondary objective is to 
understand how it differs from that caused by fission neutrons. In 
addition, studies should be performed to assess possible differences 
beti«en the effects of 14 MeV neutrons and broad spectrum Be{d,n) 
neutrons peaking neor 14 MeV. 

Experimeital programs aimed at assessing the primary damage 
state must be closely tied to theory since, in general, the primary 
damage state cannot be experimentally separated from effects of micro- 
structure evolution. This integration of experiment and theory (both 
cascade developmait and microstructure evolution theories) should be a 
major aspect of damage production studies conducted at RTNS-II. 

3. Developront of New Experimental Techniques for Damage 

Production Studies 

Damage productioi studies are hampered by two important 
fetors. Firstly, the primary damage state consists of very small 
entities: defect clusters which may range in size down to a few ang- 
stroms, and individual atomic defects. To detect and quantify such 
small entities requires a variety of experimental techniques, since no 
single one is capable of measuring all aspects of the damage state. 
Secondly, the relationship between what is inferred from these measure- 
ments and tte true primary damage state at the temperature of interest 
can be coi^licated by the process of ctefect migration. 
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Various detection techniques have been used in high energy 
neutron studies and others appear to have promise. TEH exami na- 
tion, X-ray diffuse scattering, resistivity 
(both initial increase and recovery),' ’ ' yield strength 

increase, ^ lattice parameter increase, superconductor 
property change, and radiation enhanced diffusion^^"’’^^^ 
have all been used. Further work should be performed to assess the 
application of small angle scattering (both X-ray and neutron) and 
positrcMTi annihilation to the detection of suixnicroscopic entities. 

High resolution transmissioi electron microscope techniques such as 
fringe imaging should be explored. Special TEM techniques for detect- 
ing lattice defects in ordered alloys or alloys with ordered precipi- 
tates require investigation. Past studies have used electrical resis- 
tivity of ordered alloys to study point defects through radiation 
enhanced diffusion (producing order) but it should also apply to clus- 
ter size studies through the resistivity increase. The feasibility 
should be determined of performing low temperature TEM examination 
following lew temperature irradiation (with no intermediate warm-up) to 
directly determine the nature of low temperature cascades. An early 
effert in this task should be a detailed review of all possible detec- 
tion teclviiques. 

Experiment design to minimize the effects of microstructure 
evoluticMi on the primary damage state is also important. Low fluence 
data combined with detailed cluster-type identification are likely to 
be adequate for mid-temperature irradiations. High temperature irra- 
diatiems pose a more serious problem. Again, low fluence irradiations 
should be employed for damage production studies to reduce interaction 
of ctefects from one cascade with the structure of another cascade. 
Scoping studies should be performed to assess the feasibility and effec- 
tiveness of using various pre-irradiatiem microstructures to further 
isolate cascades and provide a basis for measuring the free defect 
producticxi. 
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0. Damage Microstructure Evolution 

RTNS-II will be used in damage microstructure evolution studies to 
provicte lew fluence correlation data for microstructure evolution model 
development. Hi^ fluence calibration of the models will be performed 
in fissiOT reactors and at FMIT. FMIT will have a limited test volume 
with hi^ dtenands on its use and fission reactor irradiations require 
long lead times befere results are available. Therefore, early devel- 
opment of moctels is needed to aid experiment planning and the analysis 
of experimental results. As in the damage production studies, the 
process will be iterative since improved models will lead to improved 
expar imaits . 

The four tasks in the area of damage microstructure evolution 
requiring RTNS-II experiments are 1) the effect of the primary recoil 
spectrim, 2) the effect of heliimi, 3) the effect of hydrogen and 4) 
relating hi^ and low exposure microstructures. 

1 . The Effect of the Primary Recoil Spectrum on Microstructure 
Evolution 


Con^arative irradiatiwis in RTNS-II and other environments 
(fissioi rea:tors, Be(d,n} facilities, etc.) will provide data on the 
effect of the primery recoil spectrun on microstructure evolution. Two 
problems in data i ntarpretati wi are 1) eliminating or accounting for 
effects <ije to other differences in the irradiations (e.g., helium 
production and damage rate), and 2) adequately detecting the micro- 
structure. 


Room temperature investigatiems of changes in yield stress 
with fission and hi^ energy neutrons have shown that the damage energy 
is ^ inadequate scaling parameter. Even though the fluences 
were very low, this spectrum effect must be interpreted in terms of 
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microstructure evolution as well as damage production. At the higher 
fluences possible with RTNS-!I there is increased likelihood that dif- 
ferences other than in primary recoil spectrum must be considered in 
interpreting spectral effects. Increased experimentation at higher 
temperatures will accentuate effects of microstructure evolution. 
Separating out a primary recoil spectrim dependence will require strong 
appeal to models and close coordinaticm of the various tasks aimed at 
determining the effects of other variables. 

The problem of (tetecting microstructural features produced 
during elevated temperature irradiatitxi at RTNS-II will depend on the 
material. Dislocatiw! loop growth is classically the first indication 
of microstructure evolution in fission reactcr irradiated materials, 
while voids are not detectable until higher fluences. One fission 
reactor irradiation produced observable voids in nickel at a fluence of 
only 4 X 10^^ n/cm^ (E>1 while other low fluence invest- 

igations of nickel indicated voids after 1 x 10^® n/cm^ (E>0.1 MeV)^^^ 
and 5 x 10^® n/cm^ (E>1 MeV).'^^^ In contrast, fast reactor fluences 
greater than 10^^ n/cm^ (E>0.1 MeV) are required to produce observable 
voids in stainless steel. Considering the greater effectiveness 
of 14 MeV neutrons in producing displacements and assuming total 
displacemoits is a critical parameter, the corresponding RTNS-II 
fluences for void formation would be approximately 2x10^^ n/cm^ for 
nickel and 2x10^^ n/cra^ for stainless steel. Initial studies should 
emphasize pure metals and simple alloys while including scoping 
experiments to identify appropriate complex materials for later 
investigations. 

As with the damage producticm studies, a number of techniques 
should be applied to properly assess all aspects of the microstructure. 
The impcrtance of determining cluster type (i.e., vacancy or 
interstitial) makes TEM examination critical to these studies. Void 
diameter sizes down to 1.5 nm are detectable with conventional TEM 
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techniques.''"'^' Other tecnniq'jes include X-ray diffuse scattering, 
small angle scattering, ad^i'anced TEM techniques, positron annihilation 
and niechanfcal properties fneasureinents. Calibration studies are still 
needed to correlate scxne of the above measurements with the 
microstructure. 

Maximum fluence irradiations are appropriate for these 
investigations to provide model calibration over the widest fluence 
range possible. 

2. The Effect of Helium on Microstructure Evolution 

One of tte prime concerns in first wall alloy development 
studies is the relatively high internal helium generation rates which 
will be produced in first wall materials. Fast Breeder Reactor studies 
have shown the impcrtance of helium in high temperature embrittlement, 
void formatiwi and dislocation loop formation. These effects will be 
magnified far fusicn first wall materials where helium generation per 
displacanent will be more than two orders of magnitude higher than for 
these past fast reactor (E8R-II) studies. 

It is anticipated that helium effects on the microstructure 
will be observable with RTNS-II irradiations. Roughly 1 appm of helium 

will be produced in AISI 316^^^^ after a fluence of 1 x 10^^ 

2 

n/cm . Past studies cm nickel (not high energy neutron irradiated) 

indicated a va-y pronounced effect of 0.4 appm helium on the tensile 
(351 

ductility.' ^ Icm bcsnbardments exploring different techniques of 
helium injection (preinjecticm and simultaneous injection) have found 
pronounced effects of teliim on the cteveloping dislocation loop 
stricture. 

Heliira effects in nickel alloys can be studied in mixed- 
spaitrim reactors because of tte two-stage reaction ^^Ni (n,Y)^^Ni 
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(n,'-0 Fe which has a high cross section in soft spectra. With 

spectrim tailoring in such reactors, helium-to-dpa ratios for given 

alloys (the generatiw rate is a function of nickel content) can 

approximate those expected for fusion reactors. Helium effects are not 

as easily studied in alloys without Ni since similar reactions do not 

exist for most other elements. Even for nickel alloys, the required 
59 

buildup of Ni means that initial fusion helium generation rates 
cannot be duplicated in mixed-spectrura irradiations. Furthermore, 
helium generation in fusion reactors may be more spatially inhomogeneous 
than in fissicm reactors due to segregaticxi or precipitation of 
elemeits, such as carbw, which have high helium generation rates only 
in the fusicm spectrimt. The distribution of heliim is important; it 
depends not only on the distributiwi of helium generation sites but also 
OT heliim mobility during irradiation, trapping and detrapping 
mechanisms, and helium bubble formation, migration and growth. All of 
these phenomena can be influenced by the primary recoil spectrim. Model 
develofxnent requires that the various effects be separable from one 
anoth 0 " as well as detectable. 

Close coordination must be maintained with other DAFS investi- 
gations on the characteristics of heliim in irradiated metals. Compara- 
tive irradiaticns in other facilities (fission reactors, Be{d,n), dual 
beam charged particle) with different He/dpa ratios are needed. Helium 
doping should be employed in some irradiations (as are already planned 
in some non-RTNS-II studies) to delineate the effects of initial 
helium. In addition, efforts should be made to characterize the 
distribution of heliim following RTNS-II irradiations and what affects 
this distribution. High energy neutron irradiations of helium injected 
material will provicte informaticxi on heliim re-so1ution frran bubbles due 
to cascades. 

Maximum fluence irradiations should be performed to extend the 
study to increasing levels of microstructural development. However, 
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high fluence investigatia’is aimed specifically at helium effects should 
evolve from ongoing studies. Investigation of possible displacement 
rate effects is needed in conjunction with helium studies since RTNS-II 
Irradiations will be performed at lower rates than will be encountered 
in MFR first walls. 

3. The Effects of Hydrogen on Microstructure Evolution 

Hydrogai will be generated in the first wall at rates roughly 
three times greater than heli«u generation rates (for most 
materials). This high rate of hydrogen generation (approaching 

O 

5(X) afpn/yr in AISI 316 at IMy/m*") may Influence microstructure 
evolution and is not simulated in mixed-spectrum fission reactor 
Irradiations. 

Very few data are available on the effects of hydrogen on 

microstriKture evoluticxi but various mechanisms have been postulated. 

They are expected to be highly material sensitive. Absorption of 

hydrogel at void surfaces would increase the void nucleation and growth 

(371 

rates by ctecreasing the surface energy.' ' A similar decrease in the 
stacking fault energy associated with dislocation loops would result in 
an increased loop growth rate.^^^ Hydrogen combining with impurities 
(such as oxygen or carbon) could result in the formation of insoluble 
gases producing void nucleatioi and growth effects similar to those of 
belium.^^^^ 


Limited scoping studies are appropriate for this area of 
investigation. The results of these scoping studies will indicate 
whether intensive studies should be initiated at RTNS-II. 

Relating High and Low Exposure Microstructure 

The high exposure microstructure following MFR irradiation is 
the Quantity of interest Ixit it cannot be obtained directly at this 
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time. RTNS-II will provide the lew exposure microstructure produced by 
high energy neutrons while fission reactor irradiations will provide the 
high exposure microstructure produced by lower energy neutrons. Micro- 
structure evolution models will be developed to predict the high expo- 
sure, high energy neutron induced microstructure with the guidance of 
these experimental data. FMIT will provide the eventual verification 
and calibratioi of these models at high fluences. 

Early indications of high fluence behavicr are needed to 
insure the props' developmait of these microstructure evolution models. 
Scoping studies should be performed where RTNS-II provides the "seed" 
microstructures fer growth in other facilities. The relationship of 
these hi^ fluence microstructures with those produced without seeding 
will provide information on the importance of the nucleation 
microstructure in determining subsequent evolution. 

Maximum fluence RTNS-II irradiatiois should be a part of these 
investigations in cm effort to surpass the microstructure nucleation 
stage and to overlap with the broad data base from EBR-II irradia- 
ti ons . 

E. Fundamental Mechanical Behavior 


The mechanical behavior of candidate materials is a major factor in 
determining the lifetime of a fusion reactor first wall. An under- 
standing of the fundeonental processes controlling the mechanical behav- 
ior of irradiated materials is needed to properly predict fusion envi- 
roraient behavior fran fission reactor data. The strategy of RTNS-II 
utilizatiOT f(r fundamaital mechanical behavior studies is to investi- 
gate to tte extent possible, in close conjunction with micro- 
structure evoluticMi studies, the effect of various aspects of high 
energy neutron irradiatioi on the mechanical properties. 
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A cn'tT-al questiwi is what properties of what materials can be 
studieC at t!« attainable fluence levels. The most promising are simple 
tensile propa'tles and microhardness. The latter is especially 
attractive Decease it is essentially nondestructive, thereby permitting 
the accumlatioo of fluence data on a single specimen. A closely 
related question is how can specimens be designed to maximize the 
informatics? gained while minimizing the specimen volume. Test and 
specimai design development for RTNS-II irradiations will also be 
applicable to FMIT stiriles where the demand on high flux test volume is 
expectei to be large. 

Ccsisparative irradiaticxis at various temperatures and irradiation 
facilities will be required for the development of mechanical property 
models. These mcxiels will serve two purposes. They will contribute to 
tte ability to predict mechanical properties from a knowledge of the 
microstructure (otter models will predict the microstructure from the 
irradiaticxi conditions), and ttey will permit mechanical property mea- 
surements to be used as tools for characterization of damage production 
and roicrostructure evolution. 

The areas for study are 1) the effect of the primary recoil spec- 
trun on flow and fracture, 2} the effect of transmutant helium on flow 
and fracture, and 3) tte effect of hydrogen on flow and fracture. 

The Effect of the Primary Recoil Spectrum on Flow and Fracture 

Both indirect and direct effects need to be considered. The 
primary recoil spectrum (or the resulting primary damage state) can 
affect microstructure evolutiwi (preceding section) which, in turn, will 
affect tte mechaiical properties. Correlation of microstructure with 
mechanical propa"t1es following mid-temp0"ature and elevated tem- 
perature RfflS-II irradiations, complemented by comparative irradiations 
in otter facilities, should be utilized to determine such effects. 
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Extending the fluence ctepaidence to the maximum possible is appropriate 
in order to magnify the observed effects and extend the range of micro- 
structural correlatiwi; however, transmutation effects may cause 
increased problems of interpretation at the higher fluences. 

The primary recoil spectrum can directly affect mechanical 
properties through variations in the production of cascade clusters and 
free defects. Mid-temperature and low-temperature tensile property 
studies will assess the effectiveness of high energy neutron cascades in 
impeding dislocatioi motiwi. Low fluence irradiations (before sig- 
nificant cascacte overlap) are best for these studies although some 
experiments should be performed to maximum fluences to check model pre- 
dictions. At the lower fluences, heliisn and hydrogen effects should be 
negligible. These studies will be used as characterization tools to 
test and calibrate primary damage state models. 

The feasibility of performing creep tests in RTNS-II should be 
examined. Creep studies provide information on the combined effects of 
the primary damage state (both clusters and free defects) and micro- 
structure evolution. Varying fluences and temperatures should permit 
separation of these effects. Coordination with helium and hydrogen 
studies might be needed to identify the effects of these transmutation 
products at the higher fluences. 

2. The Effect of Transmutant Helium on Flow and Fracture 


Helium is known to decrease elevated temperature ductility 
significantly in fast reactor irradiated materials. The close tie with 
microstructure evolutioi studies is evident in this area since know- 
ledge of the helium distribution is essential to the understanding of 
this effect. Other factors to be determined include the dislocation 
barrier strength of helium bubbles and the effect of helium on the 
strength of other dislocation barriers. 
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He! lira aii)r1tt1fflnent studies have not been performed on 
material irradiated with hi^ energy neutrons, but other types of 
investigations indicate that such studies are feasible with RTNS-II. 
Unda" conditions of hi^ temperature and low strain rate to promote 
grain boundary failure, alpha particle injected nickel (to only 0.4 
appm) showed a significant decrease in tensile ductility compared to 
non-injected nickel. Helitin anbrittlement has also been observed 
in fast reactor (EBR-II) irradiated AISI 316 at fluences as low as 5 x 
10^^ n/cffl^ (E>0.1 The helium content at this fluence 

was not determined analytically but it is estimated to be considerably 
less than 1 afpn. As noted previously, mere than 1 appm He should be 
generated in AISI 316 stainless steel after a fluence of 10^^ n/cm^ 
in RTNS-II. 

Studies stould be initiated to determine the utility of helium 
embrittlement measuraments in assessing heliun mobility and distribution 
in RTNS-II irradiated materials. A major concern is the effect of 
fusiem neutral induced helium generaticwi centers on helium distribution 
and on ^hanical bdiavicr. It should be determined if altered helium 
distrilwtions diK to elanents sudi as carbon c^ be detected and their 
effect ai heliira eabrittlanent ascertained. 

Maximum fluences should be employed to achieve maximum helium 

contents. 


3. The Effect of Hydrogen on Flow and Fracture 

The preceeding section on Microstructure Evolution indicated 
that hy(h‘og^ will be gaierated at high rates in the fusion reactor 
first wall. Classically, hydrogai arabrittlanent is most often a Preb- 
le in hep Old bcc alloys under service conditions leading to hydrogen 
charging at low ta^a"atures (e.g., room temperature). 
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There are no data on the effect of hydrogen on mechanical 
properties during or after elevated temperature irradiation. There are 
potential mechanisms for a significant effect {such as gas formation as 
noted before) and scoping studies are needed to assess the magnitude of 
the problem. 

F. Damage in Superconductor Magnet Components 

The superconductor magnet components, including superconductor, 
normal conductor, and insulator, are likely to be subjected to rela- 
tively low flux, high energy neutrons from various "leakage" channels; 

flux magnitudes are strongly design depaident. It is anticipated that 

19 20 2 

maximum fluences will be on the order of 10 to 10 n/cm . 

18 2 

Moderate fluences (10 n/cm ) of high energy neutrons have been 
found to lower the critical current and the critical temperature of 
superconductors; both effects result in a reductioi in 
superconductor stability. 

Studies of the resistivity change in the normal metal matrix 
(usually copper) have indicated an even larger effect of neutron 
irradiaticwi. Increases of 60 % in the resistivity of copper have been 
observed during low temperature 14 MeV neutron irradiation to 8 x 10^® 
n/cm^.^^^^ This large increase in resistivity of the normal metal 
would have an adverse effect on the superconductor stability. 

The strategy fcr studying high energy neutron damage in super- 
conductor magnet components is dependent on the particular component. 
Whether organic insulators should be included depends on whether cur- 
rent fission reactor studies shew that neutron damage is significant 
compared to gamma radiation damage. The situation regarding the normal 
(stabilizer) and superconducting ccxnponents is somewhat unique in this 
Plan because 1) goal exposures are pa'haps within reach in RTNS~II, and 
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2) higher damage rates at liquid helium temperatures will be attained in 
RTNS-II thai in any existing low temperature neutron irradiation facil- 
ity in the U.S. It is impcrtant to extend the present data base on 
potential mata-ials fcr supa'conductcr components to higher fluences and 
to assess how well data obtained in fission reactors can be applied to 
fusicn reactor spectra. Data obtained in relatively short irradiations 
may indicate a strong need fcr much longer exposures. Such a need might 
best be met in FMIT, if a delay until after 1983 is not critical. 

6. Surface Effects 


High aiergy neutron sputtering studies on several materials have 
indicated low sputtering yields. Current estimates are that sur- 
face sfXJttering due to hi^ ena'gy neutrons will be a small fraction of 
the total first wall sputtering rate. 

The phenomencKi is not completely understood, however. It may 
assime renewed significance if it is found to act synergistically with 
othe processes such as changes in the structure and properties of the 
bulk material at high fluences, or those processes influencing the 
integrity of wall coatings. 
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IV. ASSIGNMENT OF PRIORITIES FOR RTNS-II EXPERIMENTS 


The following priorities are based on four major considerations: The 
expected importance of the problem, the time available to seek a solution, 
the lack of approaches other than RTNS-II to address the problem, and the 
feasibility of obtaining meaningful results with RTNS-II. 

The meanings of the priority symbols are given in relation to the DAFS 
milestones as follows: 

Priority Meaning 

H Highest impact of RTNS-II on 

achievement of DAFS milestone 

M RTNS-II data are necessary for 

milestone but less critical 

D RTNS-II data are desirable but 

not critical 

A. Irradiation Environment Characterization 
Problem 

1) Description of the RTNS-II flux/fluence/spectrum 

2) Development of improved dosimetry techniques 

3) Accurate determination of helium and hydrogen 
generation rates 

4) Assessment of flux/fluence/spectrun characteristics 
of Be(d,n) and Li{d,n) facilites 

Characterization of the RTNS-II was given high priority since the 
major purpose of the facility is to relate effects produced by 14 MeV 
neutrons to effects produced in other spectra {e.g., fission neu- 
trons). This characterization includes dosimetry for each experiment 
as well as the initial description of the radiaticsi characteristics. 


Priority 

H 

M 

H 

M 
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High pfisrity was given also to the determination of gas produc- 
tion rates. Heliira content is often used as a damage characterization 
parameter and is expected to be important in other RTNS-II studies 
(microstructure evolution and mechanical properties). 

B. Damage Production 

Problm Priority 

1) Experimental determination of the primary 

damage state H 

2) Development of experimental techniques for 

damage producticxi studies H 

Damage productiwi studies at RTliS-II were given high priority 
since the cteterminaticx) of the primary damage state will affect model 
development in tte microstructure evolution and fundamental mechanical 
propo'ties areas. The fluences attainable in RTNS-II are well-suited 
to danage producticm studies, where higher fluences would have little 
value. 

The high priority for the developent of new and improved tech- 
niques fcr damage production experiments is consistent with the impor- 
tance of damage producticxi and the need for better descriptions of the 
primary damage state. 

C. Microstructure Evolution 

Problem Pr i or i ty 

1) Tte effect of tte primary recoil spectrum H 

2) The effect of transmutant heliim H 
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3) The effect of transmutant hydrogen D 

4) Relating high and low exposure microstructures M 

The effects of the primary recoil spectrum and transmutant helium 
were given highest priority because these are the two most important 
aspects of the fusion neutron energy spectrum. Furthermore, related 
studies indicate that, at the fluences attainable with RTNS-II, effects 
on the micro structure should be detectable. 

The low priority given to hydrogen studies reflects the need to 
determine the feasibility of performing sensitive experiments at 
RTNS-II. The priority will also depend on the assessment of the 
severity of hydrogen embrittlemoit in an irradiation environment. 

Developing the relationships between RTNS-II low exposure micro- 
structures and subsequent high exposure microstructures is necessary for 
the full utilization of RTNS-II data. However, the role of RTNS-II in 
developing these relationships is not expected to be large, except in 
the area of providing seed microstructures for further growth in other 
facilitiesj hence, the assignment of the intermediate priority. 

D. Fundamental Mechanical Properties 
Problem 

1) The effect of the primary recoil spectrum 

2) The effect of transmutant helium 

3) The effect of transmutant hydrogen 

The priorities here parallel those for microstructure evolution. 


Priority 

H 

H 

D 


31 



Effects on the mechanical propa-ties have already been observed in the 
important areas of hi^ energy cascades and helium embrittlement. More 
data are needed in these areas to aid mechanical property model develop- 
ment. Feasibility studies are needed to assess the importance of hydro- 
^n effects and to determine whether these effects are addressable by 
RTNS-II. 

E. Damage in Superconductor Magnet Components 

Hig^ ena-gy neutron donage in superconductor magnet components is 
given the hic^ priwity of "H" because of the potential magnitude of the 
problen. 

F. Surface Effects 


High energy neutron sputtering yields are not required to meet any 
majcr milestone in the PMI Program Plan, so are given priority "D". 
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V. TASK DEFINITION 


This section defines the tasks which should be performed at RTNS-II, 
what information should be gained from these tasks, and the time scale for 
obtaining this information. Task definitions fcr engineering studies are not 
included. 

The milestone charts fcr the fundamental problems are given in relation 
to their impact on DAFS activities and majcr milestones. The task number 
prefixes relate to the three DAFS subtask groups as follows: 

II. A Environmental Characterization 
II.B Damage Production 

II. C Damage Micro structure Evolution and Mechanical Behavior 

Dashed time lines are used for DAFS subtasks; solid lines for RTNS-II 
activities. 

The DAFS priorities are contained in the DAFS Program Plan. The RTNS-II 
impact designations are as follows: 

H: Highest impact of RTNS-II on achievement of DAFS milestone 
M: RTNS-II data are necessary for milestone but less critical 
D: RTNS-II data are desirable but not critical 

The number under Projected or Proposed Effort indicates specific entries 
in Appendix 2. 

A time scale summary of the Task Definitions is given in Figure 2. The 
milestone designations are described in the respective Task Definitions. 
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FIGURE 2. RTNS-II Task Schedule Summary. RTNS-II Milestones are 
defined in the Task Descriptions. 




RTNS-II Task Number: R.A.2 
DAFS Task Number: I I. A. 2 

DAFS Task Title: High Energy Neutron Dosimetry 
RTNS-II Input to Major Milestone: 11-2,3,11,16 
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Il.A.2.d Establish consistent cross section set 
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II.A.4.C Complete corroboration experiment in RTNS-II 

II.A.4.d Complete close-in location measurements in available Be(cl,n) source 

II. A. 4. 3 Complete measurements with spectrum varied by changing location 

and/or changing deuteron energy 



DAFS Objective: To permit routine measurement of neutron fluence and energy spectra, and their spatial variations, for long-term 
irradiations in high energy sources* 
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II.A.S.f Optimize procedures 
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RTNS-II Input to Major Milestone: II-7 



Si 








£L 


1 






o 


1 






TS 

CO 

i 






c 








o 

CM 

1 






Ci 

CO 

1 










1 








1 

JD 




rH ? 

>- col 


1 

! 

< 

I 



lx. 



, 1 




u 

\ ^ 

oi 1 

so: 8 

fl3 

< 

1 1 






1 






3 


1 






O 


1 i 







34 

1 






S- 


1 1 








1 * 






> 








E 








O 

X 







S-. 

m XJ 








4J sy 4-s 

0 S- 







m 

Oi 00 







44 

•>3 S- Dl^- 







j— 

0 0 0 




• 



3 

i- IxJ 


I 






Cl. o. 







01 

S- 






< 








^ _ ■« 



1—4 







c 






t/» 

05 

/— 



i +3 






i- 

in u\ 






Q- 

2 : 

h- .a 


0 


s: 

0 


E 

CC Ej 





4^ 

{/i 

05 


o 

u 

s— 














jQ 

>J 





•r— 



44 ] 







C 

m •*-; 





»— 4 


O 

•r“ 


□I 


•a 


►—I 

i 


4J 

Q •»“ 






# 

3 







c 


n. 





1 — 

o 

O 






CX 

■r“ 

> 







4-> 








zs 








r— 

<LI 





in 


o 

S- 






> 

3 





05 


m 






•1— 



u 



C 


44 


r*" 

3 



<u 


1 ‘r- 


gQ 

Sw 



CD Irt 


fd C l-- 


u 

44 



0 cu 


S- 0 -r- 


3 

m 



0 ) U 44 


rd 'f-* u 


4-> 

o 



CLx: *1“ 


CL4-> Id 


U 

u 



0 t/5 


E 034- 


zs 

u 

4J 


0 jC 


0 'r- 


s. 

T~ 

j .r- 


c>0 c 


0 X3 V> 



E 

LO > 


0 


« 3 


m 


z: •»- 


0 •*- 


s- 0 


O 

SI 

1 — 4-J 


r- 4-> 


CM S- 


S-. 

a 

DC U 


* 4-> fl3 


. ‘r- i. 


u 


< 


VO 0 U 


CO Id 


mr-m 

c 



• 05 <D 


. 0) > 


B 

m 



OtL- C 


C3 > 



o> 



• *4- 05 


• -r- C 


C 

o 



q: 05 05 


cx •»- 


o 

u 








-o 







c 



c 

0 





m 



•r— 


c 



o 



4J 


05 



u 

o . 


3 


CD 




tn 


X5 


0 



>i. 

44 IT— 


•r- 


s- 



JZ 

u 


S- 






QJ T~ 


4^ 


>> 




i- 


W 


JZ 



a 

m 


•r* 






Oi 4-> 

>3 

X3 


4- 





44 



0 



-M 

E 

C/> -r- 

X3 


W 



U 

JZ 

Ix- > 

C 


C >> 



m 

4^ XI 

< ^ 

«o 


0 0 





Q +X 



•r— r— 



tf- 

Oj Q. 

u 

>> 


4«> 



m 

c o- 

<c 

4-> 


fd fd 




»r- XJ 


mf-m 


•r— 



m 

E c 


r— > 


X5 X3 



m 

S- 3 


*r— 


Id 05 



m 

CD 


X5 


U CL 



m 

44 T3 


0 


S- 0 



¥i 

CD C 


2 : 


l-H XJ 



< 

0 m 





0 









m 

• * 






(/) 

05 

> 

m 

« 





C 


CL 

0 





0 


0 

z: 





4^ 

S 

U 

C /5 

c/5 





CO 

05 



iL. (7) 

1-4 


CM 



Xt 

►Hf 

< *0 

« 




*1— . 

O 

»-Hl 

£3^ 4^ 

00 


00 


:e 


t 

m 

X5 

« 





m 

3 

0 


C_) 


CO 

Li- 

sc 

m 

* 




1 1 


H* 


H- i 


1—4 


<r 

o 

Q£ 


)>— 1 


4—4 


0 


40 


see Task II. C. 9 R.C.3. a Assess ability to detect non-homogeneous hydrogen 

distributions. 

R.C.3.b Assess hydrogen doping as a simulation technique. 
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RTNS-II Task Number: R.C.7 
OAFS Task Number; 11. C. 7 

OAFS Task Title: Effect of Helii«n and Displace- 
ments on Flow 

RTNS-II Input to Major Milestone: 11-6,8,9,1? 
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VI. PROGRAM IMPLEMENTATION 


A. OFE Funded Programs 

The experiments projected for the RTNS-II fall primarily within the 
scope of the DAFS Task Group. Therefore, should the load on the facil- 
ity warrant it, this group will review proposed experimental programs 
for technical content and relevancy. Priorities will be recommended to 
the Materials and Radiation Effects Branch. The Branch will, of course, 
make the final judgnent regarding support for the experiment and its 
priority. 

B. Other Programs 

Requests from non-OFE programs for RTNS-II irradiations will be 
handled by the Materials and Radiation Effects Branch on a case by case 
basis. It is expected that many of these will complement DAFS experi- 
ments, hence may be reviewed by the DAFS Task Group. 
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APPENDIX 1 


RTNS-II Description 
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RTNS-II 


Expected Operating Characteristics 


Full Power 
Neutron Spectrum 
Peak Source Strength 
Maximum Flux 
Target Lifetime 
Deuteron energy 
Deuteron current 
Deuteron beam diameter 
Target rotation rate 


March 1979 

14 MeV from T(d,n) reaction 
4 X 10^3 n/sec 
1 X 10^3 n/(cm2-sec) 

100 hours 
400keV 
150 ma 
1 cm 

5000 rpm 
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FIGURE A2. Floor Plan of RTNS-II Facility. 




APPENDIX 2 


Sumrary of Projected or Proposed 
RTNS-II Experiments 
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SUMMARY OF PROJECTED OR PROPOSED RTNS-II EXPERIMENTS 
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X-ray, resistivity and Growth of defect aggregates - 20^0- 

annealing following high Elevated 

energy neutron precondition- 
ing and short charged 
particle Irradiation 
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irradiation without warm-up energy neutrons on the super- 
conducting properties 
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Farrar, IV AI Elemental and alloy irradla- Determine helium generation - 20®C 

tions followed by mass rates. Measure neutron flux 
spectroscopic helium with HAFM’s and development 
analysis of technique 
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